should be considered essential for reporting of meaningful surveillance data.
ly to midgestation, and reduced conception rates are frequently associated with PRRS epizootics. 9 Midgestation abortions, mummified fetuses, early embryonic death, and infertility have also been reported. 15 Neonatal losses due to respiratory and systemic disease may be high. Microscopic lesions of PRRSV-aborted fetuses include myocarditis, vasculitis, encephalitis, and pneumonia. 11, 21 The respiratory disease component of PRRS is characterized by pronounced hyperpnea, fever, and interstitial pneumonia in young pigs and mild flu-like signs in nursing, growing, and finishing pigs. 7 In nursing pigs with respiratory disease, PRRSV replicates mainly in alveolar and interstitial macrophages. 2, 3, 5, 13, 22 The pathogenesis of the reproductive failure is less well characterized than that of the respiratory disease. The PRRSV antigen has been detected in alveolar macrophages and arteriolar endothelium from aborted fetal lungs by immunohistochemistry. 21 However, results are not available on the detection of PRRSV in various fetal organs by immunohistochemistry and in situ hybridization. The first objective of the present study was to demonstrate, by immunohistochemistry and in situ hybridization, the cellular distribution of PRRSV in formalin-fixed, paraffin-embedded tissues from aborted fetuses and stillborn piglets naturally infected with PRRSV. The second objective was to compare the methods of virus isolation and reverse transcription-polymerase chain reaction (RT-PCR) with immunohistochemistry and in situ hybridization for the detection of PRRSV in porcine fetal tissues.
Seven aborted fetuses and 6 stillborn piglets from 9 herds were used in this study. Pig 1 was from a breeder/finisher unit with 300 sows. Purchased replacement gilts developed anorexia shortly after arrival on the farm. When replacement gilts started farrowing, high percentages of stillborn, mummified fetuses, and weak live-born piglets were observed. No abortions occurred in native sows. Pig 2 came from a 150-sow breeding and weaner unit. Anorexia lasting 3 days was reported in 50 pregnant sows; 5 sows farrowed prematurely, and 3 aborted. This herd also had an increased number of weak and stillborn piglets (approximately 25%). The herd history for pig 3 was described as abortions and delivery of many stillborn and weak-born piglets. No detailed history was available for pigs 4-13 from 6 different herds, and these herds had clinical signs compatible with a clinical case of PRRS. All specimens were presented to the laboratory packaged in ice to avoid autolysis. The condition of the animal was estimated as minimal, moderate, and extensive autolysis upon receipt. None of the tissues from aborted fetuses or stillborn piglets had gross lesions. Lung, heart, mediastinal and medial iliac lymph nodes, tonsil, thymus, spleen, small intestine, liver, kidney, and adrenal gland from each fetus were fixed in 10% neutral buffered formalin and embedded in paraffin wax.
A 5-day-old specific pathogen-free piglet that had been experimentally infected with PRRSV was used as a source for positive control tissues. 2 Negative tissue controls were collected from a 1-day-old colostrum-deprived piglet and from an aborted fetus that had been naturally infected with porcine parvovirus.
Cryostat sections of lung, liver, and brain tissues were tested for porcine parvovirus and pseudorabies virus as previously described. 17 Fluorescent-conjugated polyclonal antibody for porcine parvovirus and pseudorabies virus was provided by the National Veterinary Service Laboratory (Ames, IA). Immunohistochemistry and in situ hybridization for PRRSV was carried out as previously described. 2, 3 Lung, lymph node, thymus, spleen, and liver from each aborted fetus or stillborn piglet were pooled for virus isolation. MARC-145 cell lines 10 and porcine alveolar macrophage (PAM) were used to isolate PRRSV from tissue suspensions. A 20-30% tissue suspension was prepared in cell culture medium (minimal essential medium plus 8% fetal bovine serum) and then centrifuged (1,800 ϫ g) for 20 minutes. Five hundred microliters of supernatant was filtered (0.45 m) and delivered into individual wells of plates containing a confluent monolayer of MARC-145 cells or PAM through a syringe filter (0.45 m). After incubation for 2 hours at 37 C, the supernatant was discarded, fresh maintenance medium (minimal essential medium plus 4% fetal bovine serum) was added to each well, and the plates were incubated for 9 days with observation for cytopathic effects (CPE). Cultures showing CPE were fixed in 80% acetone and tested for PRRSV antigen by indirect immunofluorescent antibody test. Wells without CPE after 9 days of incubation were frozen and thawed, and 1 ml of medium and cells were transferred to a new well, this time containing fresh maintenance medium. Second passage cultures were incubated for 9 days and observed as before. After acetone fixation, wells were stained with an anti-PRRSV monoclonal antibody SDOW-17 and fluoroscein isothiocyanate (FITC)-conjugated antimouse immunoglobulin G, then viewed with a fluorescence microscope for evidence of specific viral antigen as previously described. 18 Pools of lung, lymph node, thymus, spleen, and liver from each aborted fetus or stillborn piglet were prepared for extraction of genomic RNA for RT-PCR step. Pools of tissue samples were homogenized in 20 ml of Eagle minimum essential medium, centrifuged for 20 minutes at 5000 ϫ g, and the supernatants were transferred into a fresh tube. Supernatants (500 l) were mixed with an equal volume of Trizol LS a and incubated for 10 minutes at room temperature. After adding 200 l of CCl 4 and mixing by vortexing the tube, samples were incubated 15 minutes at room temperature, centrifuged for 15 minutes at 3,500 ϫ g, and the aqueous phase removed. Equal volumes of cold isopropanol were added, vortexed, and incubated overnight at Ϫ20 C. The precipitated RNA was pelleted by centrifugation for 10 minutes at 14,000 ϫ g.
Twenty-five picomoles of oligo(dT) was added to 1 g of extracted RNA from tissue specimens in 7 l of diethyl pyrocarbonate (DEPC) b -treated water, denatured at 75 C for 10 minutes, and cooled on ice. Reverse transcription reaction was performed in a final volume of 20 l containing 1ϫ RT buffer (50 mM Tris-HCl, [pH 8.3], 75 mM KCl, 3 mM MgCl 2 ) and 0.5 mM each of deoxynucleotide triphosphates (dNTP), 20 U of RNAase inhibitor per microliter, and 50 U of murine leukemia virus reverse transcriptase. After incubation for 1 hour at 42 C, mixtures were heated at 95 C for 5 minutes and chilled on ice. Polymerase chain reaction was carried out as previously described. 14 No further diagnostic 
* Ϫ ϭ negative signal; ϩ ϭ positive signal. † LN ϭ lymph node. ‡ Postmortem decomposition. § Stillborn piglet. Aborted fetus.
work was done on the affected herds that would support a PRRS epizootic. The PRRSV antigen or nucleic acid was detected in lung, thymus, liver, tonsil, spleen, heart, kidney, and lymph node from aborted fetus or stillborn piglets ( Table 1 ). The morphology of host cells was preserved despite the relatively high temperature required in parts of the incubation procedure. The signal intensity varied within and among anatomic structures in sections and among pigs. Positive cells typically had a red (immunohistochemistry) or dark brown (in situ hybridization) reaction product in the cytoplasm without background staining.
Distinct positive labeling for antigen and nucleic acid was scattered throughout the alveolar septa of the lung. The PRRSV antigen and nucleic acid were located almost exclusively within the cytoplasm of interstitial macrophages. The PRRSV antigen was detected in thymus in 4 out of 13 aborted fetuses or stillborn piglets. The PRRSV-positive cells were most often seen in the medulla and were round or angular, resembling macrophages (Fig. 1 ). There were also several antigen-positive cells that were stellate and had at least 1 long cytoplasmic process, suggestive of interdigitating cells. The PRRSV antigen was also detected in the cytoplasm of epithelial cells in Hassall's corpuscles of the thymus. Positive cells were readily detected in the cytoplasm of Kupffer cells in the liver. A few hepatocytes also stained weakly positive for PRRSV antigen. In tonsillar tissue, PRRSV antigen and nucleic acid were detected within cells in the center of follicles, in the surrounding lymphoreticular tissue, and in the cryptic epithelium. In all these sites, the PRRSV-positive cells resembled macrophages or dendritic cells. The PRRSV antigen and nucleic acid were detected in the spleen of 7 of 13 and 8 of 13 aborted fetuses or stillborn piglets, respectively. The PRRSV-positive cells were concentrated around periarteriolar lymphoid sheaths and trabecula. The positive cells generally had large oval nuclei and moderate amounts of cytoplasm, compatible with small macrophages (Fig. 2) . The PRRSV antigen was detected in the heart of 3 of 13 aborted fetuses or stillborn piglets. The PRRSV-positive cells were few and patchy in distribution. These cells were similar to endothelial cells lining small capillaries and similar to macrophages scattered between cardiac myocytes. A few cardiac myocytes also stained positive for PRRSV antigen (Fig. 3) and nucleic acid. Few immature tubular epithelial cells in the renal cortex stained positive for PRRSV antigen in 3 of 13 stillborn piglets (Fig. 4) . In the lymph node, intense and specific cytoplasmic staining was observed in the follicles. The positive cells had large nuclei with abundant cytoplasm. These cells resembled macrophages or dendritic cells. Lesser numbers of PRRSV-positive round cells resembling small macrophages were observed in the lymphoid follicles. No positive cells were detected in adrenal gland or small intestine. Direct fluorescent antibody examinations of frozen lung, liver, and brain sections from all 13 aborted fetuses and stillborn piglets were negative for porcine parvovirus and pseudorabies virus, respectively.
Of the 13 samples, 6 were positive for PRRSV by all 4 techniques. Four (31%) samples were positive for PRRSV by RT-PCR, in situ hybridization, and virus isolation. Two (15%) samples were positive for PRRSV by virus isolation, RT-PCR, and in situ hybridization. One (8%) was positive for PRRSV by virus isolation and RT-PCR (Table 1) .
This study provides the first report of detection of PRRSV RNA in fetal tissues associated with natural PRRSV infection by immunohistochemistry and in situ hybridization in formalin-fixed, paraffin-embedded tissue specimens. Simultaneous detection of viral protein and nucleic acid provides evidence that these cells were infected with PRRSV. Viral antigen and nucleic acid were most consistently detected in the spleen of the examined animals. Other tissues and cells in which PRRSV antigen and/or nucleic acid were detected include macrophages and dendritic cells in the tonsil, lymph nodes, and thymus; in macrophages of liver, heart, and lung; and in endothelial cells and myocytes of the heart. Using an immunoperoxidase technique, other investigators were unable to detect antigen in cardiac myocytes from piglets. 8, 20 No attempt other than by visual examination was made to identify the cell types, and these results may need to be confirmed by electron microscopy or other techniques. Diagnostic tests used to determine if PRRSV was the cause of abortion and reproductive failure were virus isolation, light microscopy, immunohistochemistry, and serology. 1, 11, 12, 21, 23 The PRRSV from aborted fetuses or stillborn piglets was infrequently identified by virus isolation compared with RT-PCR, immunohistochemistry, and in situ hybridization. Some fetal samples positive for PRRSV by RT-PCR, immunohistochemistry, and in situ hybridization were negative by virus isolation in the present study. Serum is an excellent sample to isolate PRRSV in neonatal pigs infected either congenitally or shortly after birth. 16 However, serum from aborted fetuses or stillborn piglets was not test for virus isolation because all submitted cases were already dead. If serum samples from these animals were available, virus isolation may be more successful compared with tissue samples. Virus isolation is laborious and may require several weeks to perform. Virus was not recovered from either of the 2 decomposing fetuses (pigs 1 and 10), perhaps because of the effect fetal autolysis may have on the virus. Moreover, isolating PRRSV from aborted fetuses or stillborn piglets is difficult because of the rapid inactivation of virus in fetuses that have died prior to abortion or farrowing. 12 Sensitivity and specificity of histopathological diagnosis has been limited in many caese where the clinical history suggests PRRSV infection. Lesions associated with reproductive failure have been infrequently described. 12, 21 In addition, consistent lesions have not been found in tissues of aborted fetuses or stillborn piglets collected from field cases or from experimentally induced late-term reproductive failures. 12, 21 The RT-PCR technique is a powerful tool used for amplification of fragments of cDNA. The PCR can be completed rapidly, within 1 working day. 14 One presistent problem with PCR assays is the occurrence of false-positive results caused by contamination of reaction mixtures with amplification products of previous runs in which the same primer set was used. The consistently negative results obtained with the numerous negative controls indicate that false-positive reactions were not a problem in the present study. Furthermore, 2 separated rooms were used to do the 2 major phases of the RT-PCR steps, i.e., preparation and amplification.
In contrast to RT-PCR, immunohistochemistry and in situ hybridization provide cellular detail and histological architecture so that small numbers of PRRSV-infected cells and lesions may be studied in the same section. Occasionally, false positives may occur if slides are allowed to dry during the procedure or if improper concentrations of saline sodium citrate solution are used. Conversely, false negatives may occur if stringencies are too high. Multiple testing of known infected and uninfected tissues are necessary to determine the proper stringency of washes for probes used for in situ hybridization testing.
Immunohistochemistry and in situ hybridization were useful for establishing a confirmed diagnosis of PRRSV-infected abortion when only formalin-fixed tissues were available. Formalin fixation allows veterinary practitioners to ship fetal samples for PRRSV diagnosis in a well-preserved, noninfectious state. Viral nucleic acid was detected in some tissue sections in the absence of viral antigen. The reason for this discrepancy is not known. One possibility is that PRRSV infection is nonproductive. In this case, there is no viral antigen protein produced in this type of cell and thus is not detected by immunohistochemical methods. Another possibility is that formalin fixation can denature antigens. This ultimately can lead to false-negative results. 19 In conclusion, RT-PCR identified the presence of PRRSV more frequently than the other methods. However, when only formalin-fixed tissues are submitted, immunohistochemistry and in situ hybridization would be useful methods for the detection of PRRSV antigen and nucleic acid.
